Incorporation of fatty acids into phospholipids has been investigated using samples of rat liver tissue homogenate, Krebs-Ringer-phosphate buffer (pH=7.4) containing 0.3% albumin, fatty acid mixture and glycerol. The addition of anthranilic acid (2.2 and 4 nmol/g wet weight), kynurenic acid (4 and 40 nmol/ g wet weight), xanthurenic acid (4 and 40 !Ull0I/g wet weight), picolinic acid (0.2 and 2 nmol/g wet weight) induced an increase of saturated and a decrease of polyunsaturated fatty acids incorporation into phospholipids as well as an eleyation of choksterol concentration in samples used for phospholipid biosynthesis in vitro. These changes \\'ere similar to those obseryed ~lttcr addition of kynurenine and neopterin to the same test system, An inverse relationship has been obsen-ed c ltter .lddition of nicotinic acid to samples used for phospholipid biosynthesis in "itro. ~icrotinic acid induced .1 decrease of saturated and an increase of unsaturated fatty acids incorporation into phospholipids ~lS \yell .1S .1 decrease of cholesterol concentration in samples, These changes ,,,,ere similar to those obser\'ed atter addition of 3-hydrm . .-yk\'nurenine, 3-hvdroxvanthranilic acid, quinolinic, acid, 5,6],8-tetrahydrobiopterin and its precursors to the same test s\'stem used rex phospholipid biosynthesis ill !·inn. In p~1ral1eL .lnthranilic .1cid. bnurenic .1cid. :\~lnthurenic acid and picolinic acid decrease while nicotinic acid increases membL111e tluidity in the smdied concentrations.
Introduction
The activation of the immune s,'stem due to \'iral and bacterial infections is followed b\' the release of cytokines such as interferon-g, tumor necrosis factor-a and others ( 1,2) as well as by an increased biosynthesis of kynurenine, neopterin, 5,6.7.8-tetrahydrobioptcrin and other metabolites (2, 3 ) . The results of our previous investigations have ShO\\'I1 a §Correspondence: Dr. Dietmar Fuchs, InstiUlte of Medical C hemistry and Biochemistry, University of Innsbruck, Fritz Pregl Strasse 3, A-6020 Innsbruck, Austria. similarity in the action of these substances on lipid metabolism: neopterin and kynurenine induced an increase of samrated and a decrease of polyunsaturated fatty acids incorporation into phospholipids as well as an elevation of cholesterol concentration in samples used for phospholipid biosynthesis in vitro (4) . An inverse relationship was observed £liter addition of 5,6,7,8-tetrahydrobiopterin, its precursors (5 ) as well as after addition of 3-hydroxykynurenine, 3-hydroxyanthranilic acid and quinolinic acid (6) to samples used for phospholipid biosynthesis in vitro. These metabolites induced a decrease of phospholipids as well as lowered the cholesterol concentra-tion in samples. The aim of this shldy was to continue these observations by examination of the effect of anthranilic acid, kynurenic acid, xanthurenic acid, picolinic acid and nicotinic acid on lipid metabolism as well as to discuss the results of this study with the data of our previous investigations.
Methods

Homogenized liver tissue of 25 Wistar rats in
Krebs -Ringer -phosphate buffer (pH = 7.4) containing 0 .3% of albwniIl was used for these experiments (7, 8) . Control and experimental samples were incubated two times for four hours at 37'C. Metabolites: anthranilic acid (2.2 and 4 nmol/g wet weight; SIGMA), kynurenic acid (4 and 40 nmol/g wet weight; SIGMA), xanthurenic acid (2 and 40 nmoljg wet weight; SIGMA), picolinic acid (0.2 and 2 nmoljg wet weight; SIGMA) and nicotinic acid (0.2 and 20 nmoljg wet weight; SIGMA)-were added to experimental test tubes before the first incubation. All the metabolites were dissolved in bidistilled water. The same volum e of bidistilled water (0. 1 ml) without addition of metabolites was added to the control test tubes before the first incubation. After the first incubation at 37'C for 4 hours 60 fll of 20% fatty acid solution in chloroform (stearic, palmitic, linoleic, oleic and arachidonic acid in equivalent amounts, SIGMA, Munich, Germany) and 40 fll of glycerol were added to all test rubes. AU test tubes were incubated at 37'C fOl another 4 hours. After this second incubation 75ml of chloroform/methanol mixture (2: 1) was added to each
sample. The samples were mixed and left for 40 min at room temperature. Then the chloroform/methanol extract was filtered and the filtrate was carefully treated according to the method of Folch and others (9 ) . The whole cholesterol concentration was determined by the method of Engelltard and Smirnova (10) . The amount of phospholipids was determined by the method of Urbach-Raabe (11) . The method of Kates (12) was used to prepare the phospholipid samples for fatty acid examination by gas chromatography Helium was used as carrier gas and the sorbent was chromosorb covered with diethyleneacylglycerol (DEAG).
Separated fatty acid methylesters were monitored at 2 1O"C using flame ionization detection. The separation was controlled by internal methylester standard substances (SIGMA).
Statistical analysis was done using Student's t-test. P-values below 0 .05 were considered to indicate significant differences (13) .
Results Figure 1 shows the changes of phospholipid biosynthesis after addition of anthranilic acid to samples. We have observed an increase of palmitic acid and a decrease of linoleic and arachidonic acid incorporation into phospholipids. At the time of biosynthesis the amount of cholesterol increased in samples containing anthranilic acid while the amount of phospholipids was not altered. Figure 2 points out the changes of phospholipid biosynthesis after addition of kynureninc acid to samples. We have observed an increase of palmitic and oleic acid and a decrease of linoleic and arachidonic acid incorporation into phospholipids. At the time of biosynthesis the amount of cholesterol increased in samples containing kynurenic acid while the amount of phospholipids was not altered. Figure 3 pictures changes of phospholipid biosynthesis after addition of xanthurenic acid to samples. It is shown that xanthurenic acid increases stearic and oleic acid, bm decreases palmitic and arachidonic acid incorporation into phospholipids. At the time of biosynthesis the cholesterol concentration increases in samples containing xanthurenic acid while phospholipid concentration is not altered.
Addition of picolinic acid to samples used t<Jr phospholipid biosynthesis in vitro induced changes similar to anthranilic, kynurenic and xanthurenic acid ( Figure 4) . Picolinic acid induces an increase of palmitic and a decrease of linoleic and arachidonic acid incorporation into phospholipids. At the time of biosvnthesis the cholesterol concentration increased in samples containing picolinic acid while phospholipid concentration was not altered.
After addition of nicotinic acid to incubation medium for phospholipid biosynthesis in vitro (Figure 5) we have observed an inverse relationship. Nicotine acid induced a decrease of palmitic, stearic and linoleic acid and an increase of oleic and arachidonic acid incorporation into phospholipids. At the time of biosynthesis the cholesterol concentration decreased in samples containing nicotinic acid while phospholipid concentration was not altered.
Discussion
The results o btained in this smdy have shown that anthranilic acid, kynurenic acid xanthurenic acid and picolinic acid addition to incubation medium for phospholipid biosynthesis in vitro induced changes Pteridines / Vol. 10 / No.3 in lipid m etabolism similar to those observed in our previous investigations (4 ) after addition of kynurenine and neopterin to the SalTlC assay system (see Figs. 6 and 7) . T he changes in lipid metabolism induced by nicotinic acid in this study was similar to those found after addition of 3-hydrmo, y kynurenine, 3-byd roxyanthranilic acid, guinolinic acid (6 ) as well as after addition of 5,6,7,8-tetrahydrobiopterin and its precursors (14) to the sam e assay system (see Figs. 8 and 9) .
from the literature we know that changes in lipid metabolism have been demonstrated to be linked with deviations in cell membrane t1uiditv. These changes have been demonstrated to be a function of the membrane cholesterol/phospholipid ratio so that relatively low ratio is associated with increased t1u-idity (15) . Membrane fluidity also depends on cholesterol content in salnplcs as well as on fatty acid composition of phospholipids (16) . An increase of cholesterol content in membranes and a decrease of polyunsantrated fatty acid content of membrane phospholipids have been observed in patients with arterial hypertension, myocardial infarction as well as at in older aged people (17) (18) (19) (20) . Moreover, such diseases as arterial hypertension (21, 22) , cardiomyopathy (23, 24, 25, 26) , atherosclerosis (27, 28 ) as well as aging (29 ) are accompanied with elevated kynurenine and neopterin levels in blood serum. We have not found any data about anthranilic acid concentrations in blood and urine, neither in patients with cardiovascular diseases nor in patients wi~h diseases known to promote the development of cardiovascular pathology, for example in patients with diabetes mellints. It may be due to a metabolic specificity: the initial rate of kynurenine hydroxylation has been fc)Und three times higher than the initial rate of kynurenine cleavage catalysed by kynureninase (30) . Kynurenic acid and xanthurenic acid as well as their end metabolites: guinaldic acid and 8-hydroxyguinaldic acid have been acknowledged as metabolites \, vith diabetogenic properties (31, 32) due to their possibility to form an insoluble complex with zinc. It is also tc.mnd that saturated fatty acids and fats stimulate the accumulation of kynurenine, kynurenic acid and xanthurenic acid in organism due to their relation of pyridoxine and possibility to delay the fcmnation of pyridoxal-5 -phosp hate from pyridoxine in liver tissue (32, 33) . Experimentally induced diabetes by alloxan was followed by an Preridines / Vol. 10 / 010. 3 ll1crease of picolinic acid biosynthesis in liver (34) . Further investigations showed that picolinic acid delayed zinc absorption from gasn-ointestinal t ract, inhi bited cell growth, had a selective toxicity for tran sformed cells as well as had antiviral and antirumor properties (35) , It is mentioned, too, that picoli nic acid can affect RNA metabolism in fi broblasts and may be involved in the cont rol of macrophage activation (35 ) . Picoli nic acid can also acti-vate calmodulin independent nitric oxide formation from arginine (36) .
The results of this study have shown that not only kynurenine and neopterin, but also kynurenic acid, xanthurenic acid and picolinic acid induce an increase of cholesterol/phospholipid ratio, cholesterol concentration in samples used for phospholipid biosynthesis in vitro as well as elevate saturated and lower polyunsaturated, especially arachidonic acid content in phospholipids. The comparison of these results with the data of literature (15, 16) allows us to suggest that neopterin, kynurenine, anthranilic acid, kynurenic acid, xanthurenic acid and picolinic acid may decrease the membrane fluidity, depress cell cycle, stimulate calcium accumulation in cells, and cells apoptosis as well as may prevent the possibility of phospholipids to keep cholesterol in the state of solution (38, 39) .
On the contrary to above mentioned metabolites, nicotinic acid has been demonstrated as substance with many positive properties: it stimulates the dilatation of coronary and brain blood vessels, elevates the secretory function of the stomach, is used as a drug f()r pellagra treatment as well as t( )l' the treat" ment of toxic neuritis of central and peripheral nerves et cetera (40) . In this stud); nicotinic acid stimulated oleic acid and arachidonic acid and depressed palmitic acid and stearic acid incorporation into phospholipids. It also lowered cholesterol! phospholipid ratio due to decreased cholesterol concentration in samples. The comparison of these results with the data of literature (15, 16) allows us to suggest that nicotinic aCid can increase membrane fluidit); may stimulate cell cycle (as demonstrated earliel~ e.g., in transplanted sarcoma S-465 cell cycle) followed by an elevated intensity of tumor growth (41 ) as well as can promote to mai.ntain cholesterol in the state of solution (38, 39) .
